Isotherm adsorption models
Langmuir and Freundlich models have been widely applied to the adjustment of biosorption equilibrium data. The former assumes that a sorbate interacts homogeneously, at homogeneous sorption sites, until a monolayer is formed in the sorbent surface. On the other hand, Freundlich model have proved to describe better the adjustment of sorbents with heterogeneous adsorption sites and dissimilar interactions. 31 Langmuir and Freundlich adsorption isotherms can be expressed using equations (1) and (2) respectively.
where Ka is the adsorption equilibrium constant (L/mg), qm is the maximum adsorption capacity (mg/g) and k and n are arbitrary parameters. The dimension of k depends on the value of n.
The non -linear Sips isotherm equation predicts a monolayer sorption capacity characteristic of the Langmuir isotherm at high sorbate concentrations. 33 On the other hand, at low sorbate concentrations it exhibits a departure from Henry's law such as Freundlich isotherm. It can be represented as:
If the value of ns is equal to 1 then this expression turns to be a Langmuir equation, where as is the adsorption equilibrium constant. Alternatively, as either C or as approaches 0, this isotherm reduces to the Freundlich isotherm.
The Redlich-Peterson isotherm (R-P) incorporates features of both the Langmuir and Freundlich equations: at low concentrations the R-P isotherm approximates to Henry's law and at high concentrations its behaviour approaches that of the Freundlich isotherm. 33
When the value of nR is equal to 1, the above equation is reduced to the Langmuir Model with their heterogeneity parameters (ns and nrp) close to a value of 1, while it reduced to a Freundlich isotherm in case the value of aRC n is much bigger than 1. The ratio of KR/aR indicates the adsorption capacity. 
Dynamic adsorption model
where kTh is the Thomas rate constant, m is the mass of adsorbent in the column, Q is the flow rate, q0 is the adsorption capacity of the column.
